INTRODUCTION
Pollen grains of wind-pollinated plants, named anemophilous plants, are important outdoor sources of aeroallergens, and exposure to such type of pollen depends on the plant species, wild spread or cultivation, geographic area, altitude, air currents, temperature, precipitation and other weather events. Pollen extracts for European and North American skin testing panels include native extracts of pollen from trees/ shrubs from Betulaceae, Oleaceae, Platanaceae and Cupressaceae families, grass pollen from Poaceae family, and pollen from weeds belonging to Asteraceae and Urticaceae families [1] [2] [3] [4] [5] [6] [7] . Pollen IgE sensitization in patients with allergic rhinitis is conventionally revealed by skin prick testing with natural allergen extracts and/or native aeroallergen-specific serum IgE antibody tests, and it is relevant only in case of corresponding suggestive symptoms. Serum specific IgE to allergen components, detected using singleplex or multiplex assays, have proven utility as component-resolved diagnosis biomarkers in the assessment of sensitization to pollen allergens, allowing the clinician to confirm genuine sensitization to a specific allergen plant source and guide an accurate prescription of allergen immunotherapy, important in many regions of the world with great plant biodiversity and/or where pollen seasons may overlap. Component-resolved specific diagnosis is also important due to the high heterogeneity of geographically-related sensitization profiles. Moreover, molecular-based diagnosis improves the understanding of clinically relevant IgE sensitization to cross-reactive allergen components from aeroallergen sources and foods [8] [9] [10] [11] [12] .
Candidates biomarkers for molecular allergy diagnostics to identify specific allergen sensitivities to major pollen allergen markers are Bet v 1 (Fagales trees from the Betulaceae and Fagaceae families, such as birch, hazel, alder, beech and oak), Ole e 1 (Oleaceae family plants, such as olive and ash), Jun a 1 (cedar, cypress), Phl p 1/5 (Pooideae subfamily grasses), Amb a 1 (ragweed), Art v 1 (mugwort) and Par j 2 (pellitory) 9, 12, 13 . Some opinions consider that the added value of component-resolved diagnosis mainly lies in the correct identification of allergic rhinitis patients who are not sensitized to major pollen allergens and in whom prescription of allergen immunotherapy is anticipated, as patients sensitized to minor allergens alone are unlikely to receive sufficient amounts of responsible allergen to achieve a successful outcome 10 . The application of in vitro component-resolved approach to the selection of patients more likely to better respond to allergen immunotherapy has been suggested, with the hypothesis that multisensitized patients with broad patterns of IgE reactivity to multiple minor allergens, or cross-reactive panallergens such as profilins or polcalcins, may show poor responses to allergen immunotherapy 9, 13 . In some authors experience, at least for grass pollen sublingual immunotherapy, this type of therapy was found to be efficacious irrespective of the patients' baseline IgE sensitization profiles 14, 15 . Molecular allergy diagnosis can change allergen immunotherapy prescription in complex pollen areas 16 ; therefore, the hypothesis that componentresolved diagnosis-guided prescription improves specific immunotherapy efficacy deserves to be tested 17 . It is important to mention that the molecular-based allergy diagnosis introduced the possibility of better targeted prescription of allergen immunotherapy 18 .
PANALLERGEN FAMILIES
Members of the panallergen families include profilins, ubiquitous proteins in all pollens and numerous plant foods, and polcalcins, Ca 2+ -binding proteins present in all pollens. In the case of IgE sensitizations to plant panallergens, minor allergens profilin and/or polcalcin, diagnostic pollen extracts lack analytical specificity and show all-over positive inducing misleading results. Some pollen-allergic individuals produce positive sensitization tests (skin prick tests, IgE serology) to numerous or occasionally many pollen types, independent of their plant taxonomic relationship. Approximately 15% to 30% of pollen-allergic individuals are sensitized to profilin, and about 5%, and according to some authors up to 20%, are sensitized to polcalcins. In less than 2%, sensitization occurs to both panallergens in the same individual 12, 19 . IgE sensitization to polcalcin and profilin usually occurs in regions with high grass pollen exposure, and this leads to the induction of a broad IgE antibody repertoire specific for grass pollen with numerous molecular allergen components 12, 20, 21 . Sensitization to profilin seems to occur sooner than sensitization to polcalcin, thus sensitization to this calcium-binding allergen may serve as a marker in the long-term development of allergic rhinitis 22 . In addition, profilin-sensitized allergic individuals can develop oropharyngeal and, rarely, systemic symptoms after the ingestion of various plant foods 11, 12, 23 .
If we consider the panallergen families, only profilins are distributed ubiquitously throughout the plant kingdom. This class is responsible for allergic reactions to a multitude of evolutionary unrelated pollen and food allergen sources. Being present exclusively in pollen grains of plants, polcalcins are not involved in pollinosis-associated plant food allergies, but may be discussed in allergic reactions to ingestion of edible products containing pollen grains of specific plants 9, 11, 24 . In a case of urticaria to Stigma maydis infusion, high level of specific IgE against polcalcin rPhl p 7, calcium-binding protein likely to cross-react with Zea m 7 from maize pollen, was reported 24 . Moreover, cross-reactivity between the pollen of wind-pollinated weeds and other Asteraceae insect-pollinated plants is a major mechanism of bee pollen supplements-induced anaphylaxis, likely attributable to pollen allergen components, such as polcalcins, profilins and lipid-transfer proteins 11, 25 .
POLCALCINS AND ALLERGIC RHINITIS
Polcalcins belong to a Ca 2+ -binding protein (CBP) family sharing common domains termed EF-hands (helix-loop-helix motifs, which consist of two perpendicularly placed alpha-helices and an inter-helical loop forming a single calcium-binding site). Due to their ability to bind and transport calcium as well as to interact with a variety of ligands in a calcium-dependent manner, CBPs have important biological functions in eukaryotic cells. After parvalbumin, an important fish allergen, calcium-binding allergens were discovered in pollen grains of trees, grasses and weeds and, more recently, as autoallergens in humans 23, 26 . The polcalcin family is one of the most relevant families of calcium-binding allergens, and their allergenicity is primarily associated with the Ca 2+ -bound form of the protein. The biologic function of polcalcins is still unclear. However, due to their pollen-specific localization and their ability to bind calcium, it has been proposed that they are involved in the control of intracellular calcium levels during pollen germination and in the signalling processes in the pollen tube growth. These cross-reactive molecular allergen components have been described as panallergens in various pollen sources (grass, tree and weed pollen), not in plant foods or latex (polcalcin expression seems to be restricted to pollen), are highly conserved among species and their amino acid sequences share a high degree of sequence identity across species, of about 60%-90% 23, 27, 28 . Rarely occurring as sole sensitizers in patients with clinical symptoms, polcalcins are minor allergens, only about 5-20% of pollen sensitized individuals having IgE responses to these cross-reactive allergenic molecules 12, 19 . The clinical relevance of polcalcin sensitization is linked to geographical factors and to the level of exposure to different allergenic sources. It has been shown that among weed pollenallergic patients, IgE reactivity to polcalcins from mugwort and ragweed, is much higher in Italians (21 to 28%) when compared to Austrians (10%) 29 . Monitoring of polcalcin-sensitized patients should be performed as these individuals are at risk of developing multiple pollen sensitizations 23 .
In agreement with the number of calcium-binding EF-hand motifs, at least three types of polcalcins were described in pollen: polcalcins displaying two (birch Bet
The three-dimensional structure of polcalcin is characterized by alpha-helices. The monomer with a molecular weight of 8 to 9 kDa, reveals the typical polcalcin structural domain. The monomeric Bet v 4 from birch is composed of two symmetrically arranged EF-hands bringing the two bound calcium ions into spatial proximity. Dimeric Timothy grass Phl p 7 contains two of these basic structural domains, while four of these domains were observed in the tetrameric goosefoot Che a 3 23 . It seems noteworthy that the calcium-binding property of polcalcins affects both the profilin IgE-reactivity and thermostability. Calcium association induces conformational changes in the three-dimensional structure. Two conformational states of calcium-binding proteins can be distinguished, the closed calcium-free "apo", and the open calcium-associated "holo" forms. It was suggested that the apo-forms are less stable to thermal denaturation and display decreased IgE-reactivity when compared to their calcium-bound counterparts 19, 23, 26 . Moreover, changes in polcalcin quaternary structure, termed molecular metamorphosis, are induced and controlled by a combination of EF-hand rearrangements and domain swapping 30 . The hierarchy of IgE cross-reactivity was established for important polcalcins (rPhl p7 > rAln g 4 > rJun o 4 > rBet v 3), and identified rPhl p 7 as the EF-hand allergen component containing most IgE epitopes 31 . From the pollen polcalcins available for routine use, recombinant non-glycosylated calcium-binding protein of 2-EF-hand type, the grass allergen component rPhl p 7, is the most cross-reactive polcalcin and it may serve as efficient biomarker of IgE-mediated hypersensitivity to this entire group of homologous proteins 9, 23 . Recently, Sorghum bicolor polcalcin (Sor b 7) was found to be closely related with polcalcins from Cynodon dactylon, Phleum pratense and Oryza sativa grass species 32 .
CONCLUSIONS
In conclusion, allergists and ENT specialists must know that polcalcins are highly cross-reactive calciumbinding allergens specifically expressed in pollen tissues. Polcalcin sensitization, which seems to be linked to geographical factors, level and time of pollen exposure, has to be assessed in patients with multiple pollen sensitizations 9, 23 . The question of whether sensitization to this minor allergen should preclude subsequent allergen immunotherapy has never been evaluated prospectively. Retrospectively, it was suggested in some publications that less successful courses of allergen immunotherapy may be associated with panallergen sensitization to profilin and/or polcalcin 9, 12, 33 . Monosensitization to these pollen panallergens is considered to be uncommon, and is presumed to be less suitable for allergen immunotherapy, because the content of profilin and polcalcin in pollen extracts and their subsequent therapeutic effect is not so clear 12 .
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